Objectives: The literature regarding the underlying neuropathogenesis of delirium on head computed tomography (CT) is limited. The aim of this research was to investigate, using case-control retrospective chart review, the association of white matter lesions (WML), cerebral atrophy, intracranial extravascular calcifications, and ventricular-communicating hydrocephalus in older adult military veterans with and without delirium hospitalized in a Veterans Affairs Medical Center.
D elirium is essentially a disorder of attention and concentration that is most often associated with older adults. The prevalence of delirium is increased for hospitalized patients, with prevalence in older adults ranging from 14% to 56% and hospital mortality rates ranging from 25% to 33%.
1,2 Delirium in older hospitalized patients is of particular concern because patients aged 65 years and older account for more than 48% of total hospital care days. 3 In general, Veterans Affairs Medical Center (VAMC) outpatients have more chronic medical and psychological conditions than have been reported for nonveterans. [4] [5] [6] [7] [8] [9] [10] [11] Moreover, military veterans have an increased risk of neuropathogenesis resulting from training, [12] [13] [14] combat deployments, 14 serviceconnected disabilities, 15 and aging. 16, 17 Delirium in aging veterans is particularly important at the VAMC because the veterans of World War II, the Korean War, and the Vietnam War are either in or approaching the geriatric age range, which also increases the risk of delirium. 18 White matter lesions (WML) are the product of tissue rarefaction with demyelination, astrocyte hypertrophy, increased microglial activation, and decreased ependymal integrity, all of which together or separately may increase neuropathology. 19, 20 Reduced cerebral circulation, such as in hypoxic-ischemic brain injury and delirium duration in the intensive care unit, also are associated with WML. [21] [22] [23] Neuroimaging has identified structural changes such as cortical atrophy, WML, and ventricular dilation to be risk factors for delirium. 19, 24 Disruption of cognition and function secondary to brain atrophy is an anatomical insult to brain reserve that appears to be a risk factor for precipitating prolonged duration and impeded recovery from delirium. 19, 25 Imaging evaluations of patients with delirium have recorded increased cortical atrophy and ventricular dilation in these patients compared with controls. 26 Intracranial extravascular calcifications are the most common head computed tomography (CT) finding and are associated with aging, disease, and traumatic brain injury (TBI). 27, 28 Dystrophic calcifications may occur as a result of chronic sequelae from congenital disorders, central nervous system infections, ischemia, TBI, surgery, and radiation therapy. 29 In the case of military veterans, especially combat veterans, posttraumatic calcifications can be imaged in the capsules surrounding subdural and epidural hematomas. 27, 30, 31 Communicating hydrocephalus, or normal-pressure hydrocephalus, occurs when there is unobstructed communication between the ventricles and subarachnoid space. It is believed to have multiple etiologies including but not limited to intraventricular hemorrhage, meningitis, TBI, and subarachnoid hemorrhage. 30 It has been estimated that 294,000 service members sustained a TBI during deployment to Iraq and Afghanistan and at least 30,000 (10.1%) are expected to develop hydrocephalus. 30 In contrast, the prevalence of communicating hydrocephalus is estimated to be 0.5% of the general population 65 years or older. 30 Because of the increased prevalence of hydrocephalous in active-duty soldiers and veterans and concern for its potential long-term negative health impact, the House Appropriations Committee recommended that the Department of Defense increase its investments in hydrocephalus research. 30 The aim of the present study was to identify any anatomical changes in brain regions of interest (ROI), as imaged by CT, which may be associated with delirium in elderly hospitalized veterans. It was hypothesized that the veterans with delirium (delirium group, DG) would have a more significant presence of WML, cerebral atrophy, intracranial extravascular calcifications and ventricular-communicating hydrocephalus than hospitalized veterans without delirium (nondelirium group, NDG).
Methods

Study Population
This case-control retrospective chart review was approved by the Veterans Affairs institutional review board and the VA Research Committee. Lists of veterans diagnosed as having and not having International Classification of Diseases, Ninth Revision-9 codes for delirium, accompanied by a head CTwithin 6 months of the admission from June 2003 to June 2011 were acquired from the coding department. To ensure that the record supported the official delirium diagnosis at admission and/or discharge, each patient record was reviewed using the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision. Records were reviewed until 100 cases of veterans with delirium were matched by 100 cases of veterans without delirium that were age, sex, and race matched. For patients with several admissions or visits for delirium, the first visit accompanied by a head CT was chosen. The team members had multiple sessions with the senior team members (M.B.D., G.B.) to standardize the screening results.
Head CTs
The radiologist, blinded to the diagnoses as determined by the independent reviews of the cases, was instructed to grade WML as not present, <1 cm, 1 to 2 cm, or >2 cm in the ROI, which included the periventricular cortex and subcortical structures (frontal, temporal, parietal, occipital lobes), basal ganglia (globus pallidus, caudate, putamen), and the internal capsule. Only the size of the lesions was considered for each ROI. Individual ROI were rated separately and only one section was used for each ROI. WML were identified and initially categorized depending on periventricular area or subcortical area and whether the lesion was in the frontal, temporal, parietal, or occipital lobes. Periventricular WML changes were measured at the level of lateral ventricles and subcortical changes were measured at the level 5 mm ventral to the most dorsal cortical axial image. The ROI examined for atrophy were generalized, frontal, temporal, parietal, and cerebellar. Atrophy was graded as present or not present.
Intracranial extravascular calcifications and ventricularcommunicating hydrocephalus were graded as present or not present. The intracranial extravascular calcification ROI were generalized, basal ganglia, frontal lobe(s), temporal lobe(s), parietal lobe(s), occipital lobe(s), and the cerebellum. The ventricularcommunicating hydrocephalus was rated for each veteran as ventricular system more prominent than the sulci or ventricular system less prominent than the sulci.
To investigate the time interval from head CT to admission, a two-sample test based on Monte Carlo permutations was used instead of the usual t test because of the significant non-normality of the data. Comorbid conditions that could influence the integrity of the sample matching were recorded for each veteran, including TBI, posttraumatic stress disorder, and potentially confounding medical diagnoses (eg, cardiovascular, respiratory, metabolic, infection, alcohol dependence, cancer, psychiatric, central nervous system diagnoses). The tabulated results were examined using bivariate χ 2 tests.
Data Analysis
To initially examine the statistical association between delirium status and the presence of WML, all WML sizes were coded into a single group, and then a χ 2 test was performed for each area of the brain. Simple logistic regression was then used to compute the odds ratios (ORs) for the WML between the two groups, as well as to test for significant differences in these ratios. In both analyses, a P value ≤ 0.05 was significant. No adjustment for multiple statistical tests was attempted because this retrospective, observational study is exploratory and hypothesis generating in nature. 32 Simple logistic regression was used because in this bivariate case, it approximates individual χ 2 tests for association between WML and delirium in each area of the brain. No attempt was made to control for other factors possibly influencing this association because the results of a multiple regression model would be as tentative as the results of the simpler model and because it risks the higher probability that required assumptions of the model are not met. As an exploratory and hypothesis-generating study from a nonrandom sample on the outcome of interest (delirium) and selection criteria (head CT), determining these influences, if any, is left to more powerful designs that can more reliably determine and accommodate those factors.
Results
Demographics
To control for possible confounders, the individuals within the two groups were matched for age (mean 67.96 and 67.97 control), sex (97 men, 3 women), and race (85 whites, 15 African Americans).
Time of Head CTs Preadmission and Postdischarge
It was hypothesized that that there would not be a statistically significant difference for time from head CT to admission because head CTs were expected to be contemporary to admission in both groups. The results revealed that the DG had a range of from 137 days preadmission to 25 days postdischarge, with a mean of 3 days preadmission. The NDG had a broader range, from 124 days preadmission to 293 days postdischarge, with a mean of 9.2 days for head CT after admission. The P value of the permutation test for the difference between the two groups was P = 0.047, falling on the borderline of statistical significance. This occurred because despite a few rather large time gaps between head CT and admission, the majority of patients received their head CT at the time of admission (79% DG and 63% NDG). Table 1 reports the results of the initial χ 2 analysis that tested the presence of WML compared with their absence in the DG and NDG groups. It confirms in part the research hypothesis that WML are more frequently found in military veterans with delirium compared with military veterans without delirium. The DG had more WML in the periventricular frontal (74/67), temporal (61/37), parietal (75/66), and occipital (66/61) ROI compared with the veterans without delirium; however, only the difference in the temporal lobe ( Fig. 1 ) was statistically significant (P = 0.001). Similarly, for the subcortical ROI, WML were more prominent in the frontal (70/68), temporal (58/44), and parietal (71/67) lobes. The NDG had more occipital WML (61/64) than did the DG. The WML in the subcortical temporal lobe (Fig. 2) were statistically more frequent (P = 0.038) in the DG compared with the NDG.
Brain WML
Contrary to expectations, WML were less frequent in the NDG compared with the DG in all regions of the basal ganglia (globus pallidus, 18/29, P = 0.104), caudate (20/30, P = 0.218), and putamen (13/30, P = 0.005), and in the internal capsule (P = 0.019, 13/28). Statistically significant differences were recorded in the NDG putamen (13/30, P = 0.005) and the NDG internal capsule (P = 0.019, 15/28). When examining the WML that were <1.0 cm, they were more frequent in the NDG in the globus pallidus (P = 0.036), the caudate (P = 0.218), the putamen (P = 0.005), and the internal capsule (P = 0.019). In contrast, although the numbers were small and not statistically significant, the globus pallidus (4/3), putamen (3/2), and the internal capsule (3/1) had more 1-to 2-cm WML in the DG compared with veterans in the NDG, whereas there was no difference for WML 1 to 2 cm for the caudate nucleus (4/4). No lesions >2 cm were found in any of these ROI. Table 2 examines the relative ORs and their corresponding P values from a logistic regression for the various sizes of WML in each area of the brain, with absence of WML as the reference category and the NDG as the reference group. Because the OR is a measure of the magnitude and direction of association and because each OR is tested individually for statistical significance, this analysis allows the most detailed comparison of DG and NDG with regard to WML. Results indicate that periventricular WML are statistically significantly associated with delirium in veterans only when found in the temporal lobe (<1 cm, 2.1, P < 0.024; 1 to 2 cm, 3.7, P < 0.009; >2 cm, 12.9, P < 0.018), whereas in all of the other periventricular areas, no statistically significant OR associations emerged.
For the subcortical areas, Table 2 reveals that subcortical temporal lobe WML >2 cm also were present in the DG, whereas no subcortical temporal lobe WML >2 cm were found in the NDG. The specific OR, however, could not be computed because no veterans without delirium had lesions of this size (Table 2 ). There is a trend for having increasing ORs in the subcortical temporal lobe (1-2 cm, 2.9, P < 0.062), that mirror the increasing ORs in the periventricular view, but the <1 cm and 1-to 2-cm WML were not statistically significant. Otherwise, no other significant ORs emerged in the periventricular and subcortical regions.
The ORs for the globus pallidus, putamen, and the internal capsule of the NDG veterans convey more detailed information about the three sizes of WML categories in these areas of the brain. In each ROI except the caudate, the ORs were significantly lower for the NDG compared with the DG regarding the smallest lesion size (<1.0 cm, globus pallidus, OR 0.5, P = 0.039; putamen, OR 0.3, P = 0.002; and internal capsule, OR 0.4, P = 0.010). The caudate did not have a statistically significant OR (OR 0.5, P = 0.083). There were no significant differences in the 1-to 2-cm WML, and no veterans had WML >2 cm. 
Brain Atrophy
Examining the differences in atrophy, both generalized and by ROI, there was no difference between the DG and the NDG regarding the presence of generalized global atrophy (Table 3) ; however, there was significantly greater brain atrophy in the parietal lobes (P = 0.044) (Fig. 3) , with a relatively high OR of 8.70. Also, the DG had significantly more cerebellum atrophy (P = 0.041) (Fig. 4) than the NDG. Notably, the OR for the cerebellum of the DG compared with the NDG could not be calculated because the NDG had no atrophy in any of the 100 cases.
Intracranial Extravascular Calcifications
No difference was found between the DG and NDG regarding intracranial extravascular calcifications either globally (generalized) or when examined by specific ROI: basal ganglia, frontal lobe, temporal lobe, parietal lobe, occipital lobe, and cerebellum (Table 4 ). Only one veteran in both the DG and NDG had calcifications in the cerebellum and only one veteran in the DG had global calcifications. No other participants had notable calcifications except in the basal ganglia, where the difference between groups was not significant (χ 2 0.01, df 1, P = 0.8).
Ventricular-Communicating Hydrocephalus
There was no significant difference between the DG and NDG when examined for the presence or absence of ventricularcommunicating hydrocephalus (Table 4) .
Comorbid Factors Influencing the Differences Between Veterans With and Without Delirium
Bivariate comparison revealed no significant differences between DG and NDG on posttraumatic stress disorder (P = 0.175), TBI (P = 0.071), and the top eight groups of medical diagnoses (cardiovascular, central nervous system, metabolic, infection, psychiatry, respiratory, cancer; 0.201 ≤ P ≤ 0.809), except for alcohol dependence (delirium n = 29, nondelirium n = 10, P = 0.005). Alcohol dependence and use were not significantly correlated with WML, the main variable of interest in this study (0.352 ≤ P ≤ 0.788 for all of the areas considered).
Discussion
The majority of head CT scans were performed on the day of hospital admission for both the DG and NDG. Notably, the mean head imaging time from admission was 3 days preadmission to the hospital for the DG, whereas the mean time for the NDG was 9.2 days postadmission. These differences suggest that the clinicians perceived that the severity of the DG diagnoses required a more urgent diagnostic workup compared with that of the veterans in the NDG, although the P value was incrementally short of significance.
Delirium vulnerability in military veterans has been reported to be greater than for nonveterans. 4, 5, 33 Five WML patterns were demonstrated in this study. First, there were significantly more WML of all three sizes in the periventricular temporal lobes and subcortical temporal lobes in the older adult DG veterans compared with the NDG veterans. Second, WML <1.0 cm and 1 to 2 cm were statistically significant for the NDG compared with WML <1.0 cm and 1 to 2 cm in the DG's globus pallidus, putamen, and the internal capsule. Third, there were no WML >2.0 cm in the basal ganglion or internal capsule. Fourth, the ORs were statistically significant for all sizes of WML for the temporal lobe. Fifth, the ORs for WML <1.0 cm were statistically significant for the NDG globus pallidus, putamen, and internal capsule, although, unexpectedly, the direction of association was negative. Contrary to the research alternative hypothesis that there would be more WML in many or most ROI in the DG than in the NDG, the periventricular temporal lobes and the subcortical temporal lobes were the only areas of the brain in which WML were positively associated with delirium.
In the present study, WML >2 cm were not found in the NDG, and many of the ROI identified as having WML associated with delirium in prior studies [34] [35] [36] were not confirmed. Morandi et al reported delirium associated with WML in the genu and splenium, corpus callosum, and the anterior limb of the internal capsule at hospital discharge. 21 In another study, dorsolateral prefrontal cortex activity and posterior cingulate cortex activity were correlated in patients with delirium as indicated by increased functional connectivity between the two regions by magnetic resonance imaging. 36 In the control subjects, precuneus activity in the superior parietal lobule was positively correlated with posterior cingulate cortex activity. During delirium, this correlation increased in patients and was associated with less severity and shorter duration of the delirium. Functional connectivity of the intralaminar thalamic and caudate nuclei with other subcortical regions was reduced during delirium with restoration to predelirium levels when the delirium ceased. 36 Shioiri et al reported that fractional anisotropy values of postoperative patients with delirium were significantly lower bilaterally in widespread deep WM and in bilateral thalami when compared with patients without delirium. 34 The authors concluded that abnormalities in the deep WM and thalamus associated with aging may increase vulnerability to postoperative delirium.
Unexpectedly, WML <1 cm in the globus pallidus, putamen, and internal capsule were significantly greater in the NDG than in the DG, suggesting perhaps a protective factor. Otherwise, there were no notable differences in total WML imaged between the DG and NDG in the remaining ROI. The data from the globus pallidus, putamen, and internal capsule suggest than only WML <1 cm may be associated with delirium in aging hospitalized military veterans. 19, 37 It was hypothesized that any WML in the tightly packed nerve bundles of the basal ganglia and/or the internal capsule would have the same association of WML size with delirium found in the periventricular temporal lobe and subcortical temporal lobes. In the basal ganglia and internal capsule, however, the association of WML with delirium presence or size was not significant in the DG. Notably, in the globus pallidus, putamen, and internal capsule, WML <1 cm were significantly more frequent in the NDG than in the DG, with the ORs for these three brain centers ranging from 0.3 to 0.5. In contrast, there was no association of WML size and delirium regarding lesions >1 cm in the globus pallidus, putamen, and internal capsule.
These finding do not support the working hypotheses that a threshold of brain anatomical disruption in any part of the brain would be associated positively with delirium in older adult hospitalized veterans; in fact, a negative association was found in some NDG cases. These findings may be artifacts related to this specific, nonrandom sample or to a flaw in the working hypothesis for the globus pallidus, putamen, and internal capsule. Specifically, because there is less than complete scientific modeling of the delirious brain, it cannot be ruled out that in some ROI, WML may represent a counterintuitive but possible protective factor in the tightly packed nerve bundles of the globus pallidus, putamen, and internal capsule. If this can be verified in future studies, then a hypothesis common in the literature may need to be reexamined.
Based on the association of atrophy with impaired brain reserve and delirium, 19, 25, 38 the null hypothesis of the present study regarding brain atrophy was that head CT scans would not image any differences in brain atrophy between the DG and NDG. Instead, the alternative hypothesis was supported because there was significantly more atrophy in the parietal lobes and cerebellum in the DG compared with the NDG. The association of atrophy with delirium has been described in several brain areas, including the superior frontal lobes, hippocampus, and cerebellum. 25 Similar to the findings of Gunther et al, 25 the DG in the present study had significantly more cerebellar atrophy than was found in the NDG. Unlike Gunther's group, however, significantly more atrophy also was identified in the parietal lobes of the DG compared with the NDG, whereas there were no atrophy differences of the frontal lobes between the DG and the NDG. As in the present study, Gunther et al 25 could not identify a temporal relation between atrophy and delirium.
Extravascular calcifications may alter brain reserve and therefore potentially lower the threshold for onset of delirium. 27 The role of intracranial extravascular calcifications in delirium as imaged with head CT has not been widely described in the general population. In the present study, it was hypothesized that there would be more intracranial extravascular calcifications on head CT in multiple ROI: basal ganglia, frontal lobe, temporal lobe, parietal lobe, occipital lobe, and cerebellum in the DG when compared with the NDG. Despite the associations among trauma, disease comorbidities, and neurogenesis such as intracranial extravascular calcifications, this hypothesis was rejected because no significant differences were observed. 27, 28, 30, 31 It is known that a significant number of older veterans seen in the VAMC have been involved in high-risk training and deployments, thus increasing their susceptibly to brain pathology from head trauma such as posttraumatic hydrocephalus, which increases morbidity and mortality in TBI populations. [39] [40] [41] Extrapolating from the general medical and psychiatric history of today's active-duty soldiers 38, 42 to the older Vietnam veteran population that made up the majority of veterans in this study, it was expected that ventricular-communicating hydrocephalus would be significantly more prevalent in the DG compared with the NDG. Unexpectedly, however, no significant difference in ventricular-communicating hydrocephalus was found between the DG and the NDG.
In addition to the increased risk of neuropathogenesis resulting from training 13, 14 and combat deployments, 14 VAMC outpatients in general have more chronic medical conditions than do nonveterans. [4] [5] [6] [7] [8] [9] [10] [11] This neuropathogenesis and concurrent medical conditions represent possible confounders to the associations between WML and delirium found here, insofar as mild to severe TBI is known to disrupt WM and brain areas involved in cognition and function. 43 Higher cortisol and adrenocorticotropic hormone plasma levels can lead to discernible reduction in brain volume in key areas affecting behavior and cognition. 44, 45 To control for these confounders, veterans were examined for potential comorbid conditions; with the exception of alcohol dependence, no differences were observed between the DG and NDG. Because alcohol dependence was significantly higher in the DG, it remains possible that alcohol and not WML could account for the association found here between delirium and WML in the temporal lobe. This possibility was examined and ruled out because although alcohol dependence was different between groups, alcohol use and dependence were not associated with WML or delirium. This final testing of comorbid conditions between groups ensures that the groups were well matched on possible confounders, suggesting that the associations found in this study are reliable.
Our study had several limitations. First, the head CT imaging modality used to screen the hospitalized veterans was selected because of its low cost and utility in many small hospitals worldwide. Hospital staff that can read head CTs are available in most hospitals, even those with limited funding. Nevertheless, it could be argued that magnetic resonance imaging would have yielded more sensitivity to WML, atrophy, and hydrocephalus when compared with CT scanning. Second, the question of the relation of WML size differences pre-and postadmission in veterans with and without delirium was not addressed. It is possible that changes in size during these intervals would affect the findings. Third, as a correlational study, it is not possible to determine whether WML in the significant areas of the brain cause or are caused by delirium, although the literature would suggest the latter. Prospective longitudinal studies that track the emergence of delirium in a patient population over time would be necessary to make a causal determination, although the findings here could guide such a study. Finally, as a retrospective case-control design in which the outcome of interest and head CT were the main selection factors, all inferences from this sample are tentative. As such, consideration was limited simply to the association of WML and delirium without controlling for other factors, because any attempt to control for them would be as tentative as the hypothesis originally put forth. More powerful, prospective designs would be better suited to qualify or justify the associations between WML and delirium found here. This qualification or justification is left to those more powerful designs.
Conclusions
The identification of neuromarkers for delirium would improve medical care and reduce morbidity and mortality, especially in hospitalized older adult military veterans, even in cases in which the underlying causes of those biomarkers remain unknown. The findings of a significant association of WML in the temporal lobe periventricular cortical and subcortical brain, as well as a significant association of atrophy in the parietal lobes and the cerebellum in a sample of hospitalized older adult veterans, suggest that these may be useful delirium neuromarkers. Further study of these markers is warranted, as is further study of the negative association among delirium and small WML in the globus pallidus, putamen, and internal capsule. Conversely, the unexpected lack of association of intracranial extravascular calcifications and ventricular-communicating hydrocephalus on CT in older adult veterans with delirium needs additional attention because it is incongruent with the literature. Continuing studies are needed to clarify whether the associations, or lack thereof, among WML, cerebral atrophy, intracranial extravascular calcifications, and ventricular-communicating hydrocephalus are relevant findings and neuromarkers in older adult veterans with delirium. Further longitudinal study is warranted for making causal determinations based on the associations found here and elsewhere in the literature, as well as for controlling for other factors that may influence these markers.
